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INTRODUCTION 

This  work  is  a  continuation  of  studies  designed  to  answer  the  question  of 
whether  radiofrequency  radiation  (RFR)  at  lower  power  levels  (no  greater  than 
10  mW/cm^),  where  measurable  heating  in  the  exposure  system  cannot  be  detected, 
causes  any  transient  or  permanent  alteration  in  a  series  of  subtle  biochemical 
processes  elicited  in  the  DNA  of  mammalian  cells.  The  specific  processes  being 
studied  are:  the  effects  of  RFR  on  the  repair  synthesis  process  in  normal  human 
fibroblasts  after  ultraviolet  light  (UV)  damage  of  the  DNA;  and  the  possible 
induction  by  RFR  of  sister  chromatid  exchanges  (SCE)  or  chromosome  aberrations 
in  Chinese  Hamster  Ovary  (CHO)  cells.  Additional  information  obtained  in  the 
latter  studies  includes  any  effects  on  cell  viability  (by  cloning  efficiency)  or 
on  cell  growth  (increase  in  cell  number). 


DNA  Repai r  Studies 

In  Volume  I  of  this  series  (for  the  period  February  1,  1980,  to  June  30, 
1931),  data  were  presented  for  DNA  repair  studies  involving  various  exposure 
conditions  (5);  and,  for  the  convenience  of  the  reader,  the  respective  tables 
incorporating  these  data  have  also  been  included  in  this  Report  (Volume  II). 
Here,  the  table  numbers  are  as  follows: 

Table  1.  DNA  repair  study:  1.2-GHz  continuous-wave  radiation,  37°C; 

Table  2.  DNA  repair  study:  1.2-GHz  pulse-wave  radiation,  37°C; 

Table  3.  DNA  repair  study:  350-MHz  continuous-wave  radiation, 

37°C;  and 

Table  4.  DNA  repair  study:  350-MHz  pulse-wave  radiation,  37°C. 

In  conjunction  with  the  continuation  of  this  project,  we  investigated  a 
possibly  more  rapid  procedure  for  isolating  parental  repair  replicated  DNA 
(Table  5).  We  also  examined  whether  RFR  at  10  mW/cm^  had  an  effect  on  semi  - 
conservative  DNA  synthesis  (Table  6). 

because  a  question  arose  as  to  whether  or  not  the  1.2-GHz  data  in  Table  2 
were  really  the  result  of  a  pulse-wave  exposure,  the  experiment  was  repeated 
(Table  9).  As  described  in  the  "Results"  section,  other  experiments  have  also 
been  repeated  for  Volume  II  of  this  series,  when  review  of  all  the  available 
data  indicated  tnat  some  effect  of  RFR  on  repair  synthes i s  —  a  1 bei t  transient  in 
nature--iiii glit  be  occurring. 

EDITOR'S  NOTE :  In  this  Report.  BrlldR  and  Brdll  are  used  interchangeably 
to  represent  bromodeoxyuridine.  For  the  convenience  of  the  reader, 
all  tables  have  been  grouped  at  the  close  of  this  publication. 


In  addition,  the  experiments  were  extended  to  an  RFR  exposure  ./here  the 
incubation  medium  was  maintained  at  39°C,  rather  than  the  normal  37°C.  ’his 
temperature  (39°C)  was  shown  not  to  affect  UV-induced  repair  synthesis  by  itself 
^Fig.  - '■  ,  but  was  considered  to  represent  a  biological  system  already  under 
"thermal  stress"  prior  to  RFR  exposure.  The  data  for  DMA  repair  synthesis 
studies  included  in  this  Report  are  presented  in  Tables  7-16. 


CHO  Studies 

As  just  indicated, the  genetic  studies  were  expanded  to  include  analysis  for 
any  RFR  induction  of  SCEs  or  chromosome  aberrations  in  CHO  cells.  Tnese  experi¬ 
ments  were  performed  with  pulse  wave  exposures,  and  at  botn  37°C  and  39°C. 

For  tiie  cytotoxicity  of  athermal  levels  of  RFR  irradiation  to  be  assessed, 
a  battery  of  endpoints  were  studied  in  cultured  hamster  fibroblasts  (CHO)  after 
exposure  to  850  MHz  and  1.2- GHz  pulsed-wave  fields  at  10  mW/cm?.  This  power 
density  induced  no  significant  increase  in  the  temperature  of  the  culture  medium 
which  bathed  the  cells. 

The  cellular  parameters  chosen  for  these  studies  were:  clonal  survival, 
growth  kinetics,  morphology,  chromosome  aberration,  and  SCE  frequencies.  All  of 
these  endpoints  are  sensitive  indicators  of  cellular  perturbations ,  with  SCE 
induction  prooably  being  the  most  sensitive  (1).  The  mechanism  of  SCE  induction 
is  unknown;  substantial  evidence  exists,  however,  that  these  lesions  are  related 
to  some  disturbance  in  the  cell's  normal  syntiiesis  of  DMA.  Therefore,  these 
studies  relate  well  to  the  examination  of  RFR  effects  on  UV-induced  DMA  repair 
repl i cation. 

SCEs  were  originally  observed  by  Taylor  (2),  using  tritiated  thymidine 
prelabeling  and  subsequent  autoradiography  of  the  chromosomes.  An  SCE  represents 
a  homologous  exchange  between  sister  chromatids.  These  exchanges  are  most 
conveniently  visualized  by  using  one  of  the  many  methods  for  sister  chromatid 
di fferentiation  (SCE).  Most  SCE  methodologies  are  based  on  staining  of 
chromosomes  by  certain  dyes,  which  are  quenched  when  5-bromodeoxyuridine  (BrdlJ) 
has  been  incorporated  into  the  DMA.  Growing  cells  in  BrdU-contai ni ng  medium  for 
two  generations  results  in  the  differential  [Jrdll-1  abel  i  ng  pattern  of  chromatids 
(Fig.  1). 


G1  S  M#1  G1  S  M#2 


_ dT 

_  _  _ BrdU 

Figure  1.  The  mechanism  of  sister  chromatid  di fferentiation. 
(dT  =  thymidine;  and  iirdU  =  bromodeoxyuridi ne) 
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The  more  heavily  BrdU-labeled  chromatids  quench  staining  more,  and  therefore, 
result  in  a  more  lightly  stained  chromatid  relative  to  the  sister  chromatid.  If 
no  SCEs  are  present,  then  the  chromosome  will  contain  one  intensely  stained  and 
one  lightly  stained  chromatid--the  "harlequin"  staining  pattern.  When  SCEs 
occur,  however,  they  appear  as  alternating  light  and  dark  regions  along  the  long 
axis  of  a  chromatid,  with  the  sister  chromatid  having  the  converse  pattern 

(Fig.  2). 


Figure  2.  Diagrammatic  appearance  of  chromosomes  with  three  sister 
chromatid  exchanges. 


The  studies  reported  herein  represent  an  effort  to  determine  whether  or 
not  various  cellular  processes  are  affected  by  exposure  of  cultured  hamster  fibro¬ 
blasts  to  athermal  levels  of  RFR  (850  MHz  and  1.2  GHz). 


The  data  for  this  report  are  available,  in  Appendixes  A  and  B,  as  indicated 
here: 

Raw  Data,  850  MHz 

The  number  designations  in  the  following  lists  refer  to  page(s)  in 
Appendix  A  on  which  data  are  given. 


Experi - 
ment  No. 

SCE 

Chromo¬ 
some  No. 

Chromosome 

aberration 

Growth 

kinetics 

Surviving 

fraction 

1 

A1-A4 

A1-A4 

A5 

A6 

A7 

2 

A8-A11 

A8-A11 

— 

— 

A12 

3 

A13-A16 

A13-A16 

A17 

-- 

A18 

4 

A19-A22 

A19-A22 

A23 

A24 

A25 

5 

A26-A29 

A26-A29 

— 

A30 

6 

A31-A34 

A31-A34 

A3  5 

— 

A36 

Raw 

Bata,  1.2  GHz 

The  number  designations  in  the 

fol lowi ny  1 ists 

refer  to  page' 

,  s)  in 

appendix  B 

on  which 

data  are  given. 

Experi - 

Chroiao- 

Chromosome 

Growth 

Surv i v i n  > 

merit  No. 

SEE 

some  No. 

aberration 

ki neti cs 

fraction 

1 

B1-B5 

B1-B6 

B7 

1)0 

1)0 

-- 

2 

B9-B14 

B9-B14 

— 

-- 

815 

3 

B16-B2 1 

B16-B21 

82  2 

-- 

B23 

4 

B24-B29 

B24-B29 

-- 

-- 

B3U 

5 

B3 1 -B36 

B31-B36 

B37 

— 

b 

B39-B44 

B39-B44 

-- 

-- 

B45 

7 

B46-B51 

B46-B51 

B52 

-- 

B53 

■6 

B54-B59 

B54-B59 

-- 

-- 
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METHODS  AND  MATERIALS 


RFR  Exposure  Facilities  and  Parameters 

All  RFR  exposures  (see  footnote)  were  conducted,  at  the  USAF  School  of  Aero¬ 
space  Medicine  (USAFSAM),  in  the  anechoic  chambers  or  Narda  Model  8801  Trans¬ 
verse  Electromagnetic  Mode  (TEM)  Transmission  Cell.  The  exposure  geometry  for 
DNA  repair  experiments , using  MRC-5  human  diploid  fibroblasts,  has  been  described 
in  the  "Introduction"  in  Volume  I  (5);  that  for  the  CHO  cells  is  described  in 
the  following  section  of  this  report  (Volume  II). 


Specific  Absorption  Rate  Measurements  for  DNA  Repair  Studies 

Specific  absorption  rate  (SAR)  measurements  were  made  for  the  DNA  repair 
studies  with  the  assistance  of  the  technical  staff  at  USAFSAM.  The  following 
procedure  was  employed: 

In  preparation  for  the  SAR  determination,  media  was  prepared  to  have  the 
same  ingredients  and  molarities  as  the  exposure  media,  except  that  "cold"  thy¬ 
midine  (TdR)  was  used  in  place  of  TdR.  The  media  consists  of  complete 
Basal  Minimal  Essential  Medium  (BME)  with  Hanks'  Salts,  5  x  10“3m 
hydroxyurea  (HU),  5  x  I0_®M  BrUdR,  10"^M  5-f  1  uorodeoxyuri di ne  (FiJdP)  . 
and  2.7  x  iiWm  TdR.  For  each  SAR  we  used  80  ml  of  media  in  a  square  dish 
with  a  lid  with  numerous  holes. 

The  SAR  determinations  were  done  in  anechoic  chamber  No.  1  at  a  chamber 
temperature  of  37°C.  Four  Vitek  probes  were  used--three  for  media  temperatures , 
and  one  for  room  temperature.  They  were  interfaced  to  a  Hewlett  Packard  9830A 
Computer  for  printout.  The  3  media  Viteks  were  moved  to  various  positions  in 
the  dish  so  that  the  complete  field  could  be  determined  (viewed  from  top  of 
d i s n ) ;  e.g., 


r:0TT :  The  exposure  parameters  for  all  of  our  DNA  repair  experiments, 
since  the  beginning  of  the  project,  are  listed  in  Table  31. 


Temperature  measurements  were  taken  at  10-sec  intervals  during  the  stabili¬ 
zation  period,  the  l-min  exposure  period,  and  the  cool-down  period.  Three  l-min 
exposures  were  done  at  each  Vitek  conf igurati on.  These  temperatures  were  en¬ 
tered  into  an  SAR  computer  program  with  a  correction  factor  to  determine  the 
SARs  at  the  actual  exposure  power  level  of  10  mU/cm2. 


For  350  MHz,  an  MCI  generator  (Ho. 15022)  and  MCL  amplifier  (No. 10110)  were 
used.  Transmitter  output  power  was  1226  U,  continuous  wave  (CW),  as  compared 
with  the  32  W  used  for  the  exposure  of  10  mW/cm?;  a  correction  factor  was 
used  to  determine  the  values  in  Figure  3.  The  dish  was  placed  in  the  TEM 
chamber  (Narda  8801)  with  the  circulating  fan  off. 


For  850  MHz,  an  MCL  generator  No. 15022  witli  MCL  amplifier  No. 10110  was  used. 
Dosimetry  was  done  at  a  transmitter  output  power  of  575-W  CW,  to  give  a  power 
density  of  20  mW/cm^.  Actual  SAR  exposure  output  was  600-W  CW.  A  correction 
■actor  was  used  to  give  the  values  for  a  10  mW/cm^  exposure  (Fig.  4).  The 
square  dish  with  media  was  placed  in  a  Plexiglas  water  bath  with  noncirculating 
water.  Distance  from  the  horn  was  1.1  m.  Because  of  the  buffer  effect  of  the 
wat  .r  bath,  more  cooling  and  heating  of  the  media  occurred  during  the  stabiliza¬ 
tion  and  cool-down  periods.  The  respective  data  for  350  and  850  MHz  are  pre¬ 
sented  in  Figures  3  and  4. 


Signal  Quality  Control  for  DNA  Repair  Studies 

In  addition  to  the  stringent  control  of  physical  factors  (e.g.,  temperature 
during  exposures),  we  have  begun  documenting  the  quality  of  the  signal  being 
transmitted.  This  aim  is  accomplished  by  analyzing  and  stroking  the  signal 
spectrum  with  a  Hewlett  Packard  8566A  spectrum  analyzer  interfaced  to  a  Hewlett 
Packard  856613  computer  with  a  9872C  eight-pen  vector  plotter.  These  data  are 
collected  when  the  transmitter  is  reconfigured  for  a  new  frequency,  and  during 
eacli  exposure  run  to  confirm  reproducibil  ity. 


Figures  5  and  6  show  representati ve  spectra  for  850  MHz  and  1.2  GHz, 
respectively.  Detailed  parameters  of  the  signals  are  presented  in  the  legends. 


Exposure  Facility  for  CH0  Experiments 


<  Exposures  to  far-field  RFR  at  850  MHz  and  1.2  GHz  were  performed  in  anechoic 

chamber  No. 2  (Fig.  7)  in  Building  1187,  Radiofrequency  Radiation  Research 
Laboratory,  Brooks  Air  Force  Base.  The  chamber  temperature  was  maintained 
externally  by  forced  air  heating;  the  deviation  in  air  temperature  was 
approximately  ±  0.3°C. 
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iyure  3.  Corrected  SAR  values  at  different  locations  in  a  square 
petri  dish  containing  cell  culture  medium  (350  MHz). 
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ire  4.  Corrected  SAK  values  at  different  locations  in  a  square 
petri  dish  containing  cell  culture  medium  (850  MHz). 
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Figure  6.  Representati ve  spectra  for  1.2-GHz  pulsed  wave  (80,000 

pulses/sec,  3-usec  pulse  width,  Cober  Model  1831  transmitter) . 
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Figure  7.  The  microwave  exposure  f ac i 1 i ty ( b 1 ock  diagram). 


CHO  Cell  Exposure  Geometry 

The  CHO  cells  to  be  exposed  to  RFR  were  contained  in  T-25  flasks,  attached 
in  a  3x3  array  to  the  underside  of  a  sheet  of  RF-transparent  foam.  The  flask- 
foam  assemblies  were  floated  in  water  baths  connected  to  a  large  volume  water 
circulator  outside  of  the  anechoic  chamber.  The  experimental  water  bath  was 
situated  in  the  center  of  the  far  field,  approximately  1.5  in  from  the  horn.  The 
control  water  bath  was  placed  out  of  the  field  and  was  shielded  by  RF  opaque 
material . 


Signal  Quality  Control  for  CHO  Studies 

The  output  frequency  of  the  transmitters  was  analyzed  with  a  Hewlett 
Packard  spectrum  analyzer.  Power  levels  were  measured  in  the  far  field  with 
Narda  probes,  a  minimum  of  five  points  being  measured  within  the  area  to  contain 
the  experimental  samples. 


SAR  Measurements  for  CHO  Studies 


The  SAR  measurement  was  performed  throughout  the  exposure  facility  by 
placing  Vitek  temperature  probes  in  different  positions  of  each  T -25  flask 
containing  20  ml  of  growth  medium.  Maximum  transmitter  power  was  imparted  on 
the  system,  and  the  temperature  rise  was  measured  as  a  function  of  time;  the 
power  >-'as  then  removed  and  the  cooling  rate  was  determined.  From  these  data, 
SARs  were  estimated  by  the  method  of  Lozano  (3). 


Cell  Lines 

MRC-5  Ce11s--The  MRC-5  normal  human  diploid  fibroblast  cell  line  used  in 
these  investigations  is  an  "aging"  cell  line.  It  was  obtained  from  the  American 
Type  Culture  Collection  (ATCC),  and  was  kept  frozen  under  liquid  nitrogen  (in 
sterile  ampoules)  until  experiments  were  to  be  performed.  The  cells  were  used 
only  at  relatively  early  passage  numbers  (before  passage  35).  Once  thawed,  the 
cells  were  maintained  in  the  biohazard  tissue  culture  laboratories  of  the  Depart¬ 
ment  of  Radiology,  The  University  of  Texas  Health  Science  Center  at  San  Antonio 
(UTHSCSA),  in  BMF  with  Hanks'  Salts.  HEPES  at  25  mM  was  added  to  maintain 
the  pH  in  an  air  atmosphere.  The  concentration  of  fetal  calf  serum  was  10%; 
antibiotics  were  added. 

CHO  Cel  1 s--Chi nese  hamster  ovary  fibroblasts  (originally  obtained  from  Dr. 
Abraham  Hsie,  Oak  Ridge  National  Laboratories)  were  used  in  all  of  the  described 
studies.  The  cells  were  maintained  in  exponential  growth  phase  by  serial  pas¬ 
sage  by  trypsinization,  with  a  split  ratio  of  1:500  every  four  days.  The  medium 
used  was  Ham’s  FI 2 ,  supplemented  with:  10%  heat-inactivated  (56°C,  30  min)  fetal 
calf  serum;  1.8  mM  glutamine;  90  units/ml  penicillin;  and  90  pg/ml  streptomycin. 
Cultures  were  maintained  at  37°C  with  a  humidified  atmosphere  of  5%  carbon 
dioxide  -  95%  ai r. 

Cell  cultures  were  routinely  monitored  for  normal  morphology  and  microbial 
contamination  by  observation  with  phase-contrast  microscopy.  Mycoplasma  screen¬ 
ing  was  performed  by  the  fluorescent  Hoechst  33258  method. 

Procedures  for  DNA  Repair  Studies 

Fully  described  in  Volume  I  (5)  are  the:  Cell  Culture  Procedures  for  UV 
and  RFR  exposures;  Repair  Replication  Protocol;  Temperature-Effect  Studies;  DNA 
Isolation  Procedures;  Alkali  Cesium  Chloride-Cesium  Sulfate  Density  Gradient 
Procedure;  and  DNA  Concentration  Determination--The  Hinegardner  Technique. 


General  Experimental  Protocol  for  CHO  Studies 

Approximately  18  hr  preexposure,  experimental  and  control  cultures  were 
prepared.  An  exponential  maintenance  culture  of  CHO  was  harvested  by  a  15  min 
treatment  with  trypsin  (0.05%  in  Earle's  balanced  salt  solution,  Ca^*  and 
Mg2+  free)  at  ambient  temperature.  The  culture  was  passed  into  the 
prescribed  number  of  T-25  flasks  at  a  split  ratio  of  1:32,  the  total  amount  of 
medium  being  20  ml.  The  flasks  were  placed  in  an  incubator  and  maintained 
overnight  at  37°C  in  a  humidified  atmosphere  of  5%  CO2  in  air. 
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Immediately  before  departure  for  the  transmitter  facility,  the  cultures 
were  tightly  wrapped  in  heavy-duty  aluminum  foil.  This  package  was  transported 
via  automobile;  the  transport  time  averaged  approximately  30  min.  That  this 
method  of  transfer  did  not  significantly  affect  any  of  the  cytotoxicity 
parameters  measured  was  evident  when  transported  cultures  were  compared  with 
cultures  left  in  the  laboratory  at  UTHSCSA  . 

Upon  arrival  at  the  RFR  laboratory,  the  T- 25  flasks  were  mounted  in  the 
holders  and  placed  in  the  water  baths  which  were  pre-equi 1 l brated  to  either  37° 
or  39°C.  After  the  cultures  had  reached  experimental  temperature,  the  3-hr 
exposure  commenced. 

After  treatment,  the  cultures  were  exposed  to  chemicals  when  necessary;  all 
were  wrapped  in  heavy-duty  aluminum  foil  and  transported  to  UTHSCSA,  where  they 
were  returned  to  a  humidified  environment  of  5%  carbon  dioxide  -  95%  air  at 
37°C. 


Clonal  Survival 

Two  hundred  cells  were  plated  into  three  T-25  flasks,  18  hr  before  RFR 
exposure.  After  exposure,  the  cultures  were  allowed  to  proliferate  for  4  days. 
The  medium  was  decanted  and  the  colonies  were  fixed  with  inethanol racetic  acid 
(3:1);  and  colonies  were  stained  with  1%  aqueous  trypan  blue.  Colonies  were 
counted  with  the  aid  of  a  dissecting  microscope;  t fie  lower  limit  for  a  clone 
was  50  cells.  Correction  was  made  for  multiplicity,  and  all  groups  were 
normalized  to  their  control. 


Growth  Kinetics 

Cells,  one  flask  per  time  point,  were  released  by  trypsinization  (as  already 
described)  at  various  times  after  RFR  exposure.  Cell  numbers  per  flask  were  enu¬ 
merated  with  an  electronic  particle  counter  (Model  ZB- I ,  Coulter  Electronics). 

A  total  of  three  counts  were  made  on  each  sample. 


General  Morphology 

Morphol ogi cal  examination  of  CHO  cultures  was  performed  by  phase-contrast 
microscopy  (Olympus  Model  IMT  Inverted  Microscope)  of  living  cultures  at  various 
times  for  72  hr  after  experimental  treatment.  Photomicrographs  were  recorded  on 
Technical  Pan  35— mm  film  (Kodak). 


bister  Chromatid  Exchange  and  Chromosome  Aberration  Analysis 

Cells  were  prepared  according  to  General  Experimental  Protocol  (1:32 
dilution  of  an  exponentially  grown  culture).  Immediately  after  RFR  exposure, 
100  U1  of  a  solution  of  5-bromo-2 ' -deoxyuri di ne  (2  x  10  "*M  in  complete 
culture  medium)  was  added  to  the  existing  20  ml  of  medium  in  each  flask,  thus 
yielding  a  final  concentrat i on  of  10"^M  Urdu.  From  this  point  forward, 
the  cultured  cells  were  kept  wrapped  in  heavy-duty  aluminum  foil  to  prevent 
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exposure  to  light;  only  brief  exposures  to  gold-filtered  fluorescent  liyhting 
was  allowed  during  required  culture  manipulations.  Cultures  were  returned  to 
UTHSCSA,  and  were  incubated  under  standard  conditions  for  19.5  hr. 

To  arrest  cells  in  metaphase,  100  yl  of  colcemid  (4xl0~^fi  in  complete 
culture  medium)  was  added  to  each  culture  to  give  a  final  concentration  of 
2  x  10-7m.  Standard  incubation  was  allowed  to  continue  for  2.5  hr.  The 
total  elapsed  time  after  administration  of  Brdll  was  22  hr,  equivalent  to  two 
generation  times. 

Cells  were  harvested  by  trypsinization  (as  described  earlier),  and  were 
transferred  to  15-ml  centrifuge  tubes.  The  cells  were  then  pelleted  by  centri¬ 
fugation  at  SO  g  for  15  min,  and  the  pellets  were  resuspended  in  10  ml  of 
0.075M  KC1  which  had  been  prewarmed  to  37°C.  Incubation  in  KC1  at  37°C  was 
allowed  to  proceed  for  12  min,  and  was  followed  by  pelleting  at  800  g  for 
15  min.  This  pellet  was  resuspended  in  10  ml  of  methanol :acetic  acid  (3:1),  and 
allowed  to  fix  for  30  min.  The  pre-fixed  cells  were  centrifuged  at  800  g  for 
15  min;  the  pellet  was  resuspended  in  10  ml  of  fresh  methanol :acetic  acid  (3:1) 
and  refrigerated  (4°C)  for  24  hr. 

The  fixed  cells  were  pelleted  at  800  g  for  15  min,  and  approximately  9.5  ml 
of  the  supernatant  was  discarded.  The  pellet  was  resuspended  in  the  remaining 
0.5  ml  of  fixative.  Cells  were  spread  on  clean,  dry  slides  by  depositing  1  drop 
of  suspension  from  a  height  of  approximately  12  in.  The  slides,  precleaned  in 
acid-dichromate  cleaning  solution  for  a  minimum  of  24  hr,  had  undergone  exhaus¬ 
tive  washing  in  deionized  water  and  air-drying  in  a  dust-free  environment. 

Slides  were  air-dried  and  stored  in  dust-free  storage  boxes. 

SCE  analysis  was  performed  by  the  fluorescence  method  of  Goto  et  al .  (4). 
Slides  were  stained  for  5  min  in  0.175%  acridine  orange  (C.I.  No.  46005)  in 
0.067  M  phosphate  buffer  (PB),  pH  6.8.  The  slides  were  then  washed  in  running 
distilled  water  for  10  min, and  soaked  in  PB  for  10  min;  a  22  x  40-mm  cover  slip 
was  then  mounted  with  a  drop  of  PB. 

Slides  were  observed  with  a  Zeiss  Model  18  microscope,  equipped  with  an 
epi fluorescence  attachment  for  blue  excitation.  When  an  appropriate  metaphase 
plate  was  located,  the  exciter  filter  was  removed  in  order  to  allow  "burning  in" 
of  sister  chromatid  di f ferenti ati on.  Upon  differentiation,  the  exciter  filter 
was  replaced,  and  the  chromosome  number  and  sister  chromatid  exchanges  per  cell 
were  scored. 

Upon  completion  of  SCE  analysis  the  cover  slips  were  floated  off  of  the 
slides;  these  were  then  stained  with  a  1:20  dilution  of  Giemsa  stain  stock  solu¬ 
tion  in  PB  for  15  min.  The  slides  were  washed  in  three  changes  of  distilled 
water,  5  min  for  each  change.  After  air-drying,  22  x  40  cover  slips  were 
mounted  with  Perinount  resin. 

Chromosome  aberration  analysis  was  performed  by  scoring  the  frequency  of 
dicentric  cnromosomes  in  a  total  of  500  metaphases. 


RESULTS  OF  THE  UNA  REPAIR  STUDIES 
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SAR  Determinations  for  DNA  Repair  Studies 

The  distribution  of  values  (determined  as  already  described  in  "Methods") 
are  indicated:  in  Figure  3,  for  350-FiHz  exposure  in  the  Narda  TEM  cell;  and, 
in  Figure  4,  for  350-MHz  exposure  in  the  anechoic  chamber.  The  averaye  value 
for  the  350-MHz  exposure  is  0.39  ±  .15  W/ky,  with  individual  values  ranging 
from  (J .  1 3  to  0.71  W/kg.  For  the  350-MHz  exposure,  the  average  value  is 
4.5  ±  3.0  W/kg,  with  individual  values  ranging  from  0.6  to  9.9  W/kg. 


Signal  Quality  Control  for  DNA  Repair  Studies 

These  determinations  are  presented  in  Figures  5  and  6  for  850  MHz  pulse- 
wave  (PW)  radiation  and  1.2-GHz  PW  radiation,  respectively. 


Results  of  Investigation  of  a  Possibly  More  Rapid  Procedure 
for  Isolating  Parental  Repair  Replicated  DNA 

Investigated  in  this  research  was  a  previously  published  technique  for  iso¬ 
lating  DNA,  by  density  gradient  centrifugation,  almost  directly  frail  labeled 
Mis  (6).  If  this  technique  were  to  prove  successful,  it  could  reduce  the  time 
.ossary  to  perform  a  complete  assay  (currently  requiring  1  week  for  DNA  iso- 
'  r  ion)  and  two  36-hr  density  gradient  centrifugations. 

Tne  results  are  summarized  in  Table  5.  Included  in  the  experimental  data 
a>v  results  obtained  when  a  separate  portion  of  the  same  UV-irradiated  and  re- 
,  >  p'  labeled  cell  population  was  processed  usiny  our  standard  isolation  proce- 
lure,  and  the  first  of  the  two  alkaline  density  gradient  centrifugation  steps 
was  typically  performed. 

In  this  attempt,  at  least,  an  increasing  extent  of  repair  i ncorporati on 
with  increasing  UV  dose  was  not  detected  by  the  Sinitii  and  Hanawalt  method, 
although  a  dose  dependence  was  evident  after  only  one  gradient  and  pooling  in 
the  standard  method. 

Because  the  yield  (pg  DNA/.l  ml)  appears  to  be  greater  for  the  Smith  and 
Hanawalt  procedure  after  one  gradient,  a  second  alkali  gradient  added  to  that 
procedure  might  eliminate  incorporated  radioacti vity  overlap  which  we  detected 
in  the  fractionation  profile  (continuous  O.D.  and  filter  spotting  of  small  ali¬ 
quots  from  each  fracti onati on  tube).  Thereby  the  UV-induced  DNA  repair  would  be 
allowed  to  become  evident,  while  still  reducing  the  total  assay  time.  Because  a 
second  gradient  would  be  necessary,  our  decision  was  not  to  change  techniques  at 
this  point  in  the  project. 
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Results  of  RFR  (10  mW/cm?)  on  Semi -Conservati ve  UNA  Synthesis 

In  conjunction  with  many  of  the  DMA  repair  studies  described  herein,  a 
preliminary  study  was  performed  to  investigate  the  effect  of  RFR  radiation  on 
semi-conservative  UNA  synthesis.  In  either  the  presence  or  absence  of  an  RF 
field  at  10  mW/cm^,  MRC-5  cells  were  allowed  to  incorporate  the  DNA  precursor 
3|l-TdR  for  1  hr.  The  DNA  was  isolated  as  in  the  repair  studies,  and  then 
subjected  to  one  neutral  pH  density  yradient  centrifugation.  The  dpm/ug  were 
determined  (Table  6).  For  all  of  the  PW  data--350  MHz  (37°C),  350  MHz  (39°C), 
050  MHz  (39°C),  and  1.2  GHz  (39°C)— the  RFR  at  10  mU/cm*  had  no  effect  on 
precursor  incorporation. 

For  the  CW  RFR  exposure,  at  350  MHz  (37°C)  and  850  MHz  (37°C),  the 
10  mW/cm^  RFR  exposure  appeared  to  result  in  an  increase  in  incorporation. 
Gecause  the  specific  activity  of  the  isolated  DNA  (dpm/pg)  in  these  two  early 
experiments  (Table  G)  is  so  low  as  compared  with  that  in  the  more  recent  PW 
experiments,  drawing  a  conclusion  from  the  data  must  oe  delayed  until  additional 
experiments  are  performed. 


Summary  of  RFR  Exposure  Effects  on  UV-Induced 
DNA  Repair  Synthesis  in  MRC-5  Cells 

1.2-GHz  CW,  37°C--The  results  for  the  CW  exposure  at  37°C  for  this  fre- 
guency  (Table  7)  are  plotted  graphically  in  Figure  8,  upper  panel.  No  signifi¬ 
cant  effect  on  incorporated  repair  radioacti vity  is  evident  at  either  1  or 
10  mW/cm^  of  1.2-GHz  CW  exposure. 

1.2-GHz  PW,  37°C--The  original  experiment  (Table  2)  was  probably  not  a  PW 
exposure.  The  experiment  was  therefore  repeated;  the  data  are  presented  in 
Table  9,  and  are  plotted  in  Figure  3,  middle  panel  (Expt.  1).  As  can  be  seen  in 
Figure  3,  for  both  the  1  mW/cin^  and  10  rnW/cm^  power  densities,  a  "lag"  of 
the  repair  label  incorporation  at  the  2- hr  time  point  was  apparent  for  the  RFR- 
exposed  cells  as  compared  with  that  for  the  control  cells.  The  "lag"  had 
disappeared  within  3  hr. 

To  confirm  whether  or  not  this  observation  was  reproducible,  an  additional 
repeat  experiment  has  been  performed  at  both  1  and  10  mW/cm^  (Table  12).  The 
results  are  plotted  in  the  lower  panel  (Expt.  2)  of  Figure  8.  The  original 
observation  is  clearly  absent;  the  conclusion  is  that  RFR— at  1.2-GHz  PW,  37°C, 
1  and  ill  mW/ciii^  average  power  densi t i es--has  no  effect  on  DNA  repair 
synthesis. 


1.2-GHz  PW,  39°C--These  experiments  have  been  performed  to  determine 
whether  incubation  of  the  cells  in  medium  at  39°C  during  the  RFR  exposure  peri¬ 
od,  in  effect  producing  a  non-RFR  induced  "thermal  stress,"  resulted  in  any  RFR 
effect  not  previously  observed  at  37°C  for  1  and  10  mW/cm*  average  power  den¬ 
sities  (Table  13).  With  the  generator  on,  but  no  RFR  being  transmitted,  incuba¬ 
tion  of  UV-irradiated  cells  at  39°C  in  the  exposure  position  does  not  result  in 
an  increase  in  incorporated  repair  label  above  that  in  the  control  position 
(Fable  13,  Part  A).  Surpri si ngly,  for  1  mW/cm^  PW  RFR,  39°C  (Table  13, 

Part  U),  and  to  a  lesser  extent  for  10  mW/cm^  PW  RFR,  39°C  (Table  13, Part  E), 
the  incorporated  repair  radi oacti vi ty  in  the  exposed  cells  was  consistently 
higher  than  in  the  control  cells.  This  observation  should  be  confirmed. 
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350-MHz  CW.  37°C--The  results  for  the  CU  exposure  at  37°C  for  this  fre¬ 
quency  (Table  3)  are  plotted  graphically  in  Figure  9,  upper  panel.  No  evidence 
exists  of  any  effect  of  350-MHz  CU  exposure  at  either  1  or  10  mW/cm2. 


350-MHz  PW,  37°C--The  data  for  3bO-MHz  PW  exposure  have  been  presented  in 

Table~4]  At  10  r,iW/cm2,  no  RFR  effect  was  observed  (Fig.  9,  lower  right 

panel).  For  the  1  mW/cm2  exposure,  the  initial  data  were  unsatisfactory  (3-hr 
values  less  than  2-hr  values),  and  the  experiment  was  repeated.  As  can  be  seen, 
1  ;nW/cm2  of  350-MHz  PW  RFR  also  has  no  significant  effect  on  DMA  repair 
synthesis  (Table  13;  and  Fig.  9,  lower  left  panel). 

350-MHz  PW,  39°C--The  results  of  these  experiments  are  shown  in  Table  15. 

The  exposures  in  this  experiment  were  5  and  10  mW/cm2,  instead  of  the  usual 

1  and  10  mW/cm2  average  power  densities.  At  both  5  and  10  mW/cm2,  an 
absence  of  any  effect  of  350-MHz  PW  exposure  with  incubation  at  39°C  was  noted. 

850-MHz  CW,  37°C--The  original  data  for  this  experiment  appear  in  Table  7. 
Analysis  of  these  data  indicated  that  they  were  internally  inconsistent  and  not 
acceptable. 

The  experiment  has  therefore  been  repeated;  the  data  are  presented  in 
Table  10,  and  plotted  in  Figure  10,  upper  panel.  No  indication  was  noted  of  any 
effect  of  CW  exposure  at  this  frequency  on  DMA  repair  synthesis. 


350 -MHz  PW,  37°C — The  data  for  this  experiment  appear  in  Table  8,  and  in 
Figure  10,  lower  panel.  No  indication  was  noted  of  any  effect  of  PW  exposure  at 
this  frequency  on  DNA  repair  synthesis. 


850-MHz  PW,  39°C--The  results  of  these  experiments  are  shown  in  Tables  11 
and  16.  Tne  data  in  Table  11,  Part  D,  do  not  indicate  anv  effect  uf  1  mW/cm2 
PW  RFR  at  °>50  MHz  on  the  DNA  repair  process  at  39°C.  At  10  mW/cm1-  in 
this  experiment,  however,  we  noted  a  continuing  inhibitory  action  on  UV- induced 
DNA  repair  synthesis,  as  observed  at  2  and  3  hr  of  incubation. 

To  confirm  this  observation,  the  experiment  was  repeated.  The  data  are 
given  for  both  1  and  10  mW/cm2  in  Table  16.  The  results  do  not  confirm  the 
previous  observation;  an  350-MHz  PW  exposure,  at  1  or  10  mW/cm2  average  power 
density,  does  not  interfere  with  the  UNA  repair  process  in  cells  incubated  at 
39  °C. 
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dpm /microgram  DNA 


RESULTS  OF  THE  CHO  STUDIES 


SAR  Measurements  for  CHO  Experiments 

T he  exposure  fields  have  been  mapped  in  terms  of  power  density  (mW/c.n^) 
and  are  presented  in  Figures  11  and  12.  Specific  absorption  rate  (W/kg) 
distributions  were  determined  at  various  locations  in  the  culture  medium 
(Figs. 13  and  14).  The  data  in  Figure  15  are  from  a  typical  SAR  experiment;  the 
neat i ng-cool i ng  kinetic  data  were  further  treated  to  yield  average  SAR  values. 


S AR  map,  1.2  GHz,  15  mW/cm?. 
(dotted  line  =  water- bath  outline) 


0  5  10  15  20  25  30 


TIME  (min) 


igure  15.  Typical  SAR  experiment  data,  (on  =  magnetron  current  on 
off  =  magnetron  current  off) 


Clonal  Survival 


No  differences  in  clonal  survival  were  detected  between  cultures  left  un¬ 
disturbed  at  the  UTHSCSA  laboratory  and  those  transported  to  the  RFR  labora¬ 
tory.  Clonal  survival  values  were  the  calculated  quotient  of  the  number  of 
colonies  in  each  exposed  flask  and  of  the  mean  number  of  colonies  in  control 
flasks.  The  mean  of  the  clonal  survival  values  is  defined  as  the  surviving 
fraction  (SF).  These  data  for  850  MHz  and  1.2  GHz  are  summarized  in  Table  17. 
No  decline  in  cell  survival  was  observed  under  the  exposure  conditions 
uti 1 i zed. 


Growth  Kinetics 

Representati ve  data  from  four  growth  kinetics  experiments  are  shown  in 
Figures  18  and  19.  The  semilogarithmic  transforms  of  the  data  are  linear  and 
fit  the  equation  C  =  C0eH,  where:  C  =  number  of  cells  at  time  t;  C0  = 
initial  cell  number;  and  A  =  growth  constant.  The  data  for  the  series  of 
growth  kinetics  are  summarized  in  Table  13.  No  differences  were  detected  among 
the  groups;  and  all  had  a  doubling  time  of  11  hr,  characteristic  of  CHO  cells. 

Cel lul ar  Morphology 

CHO  cells  grown  in  monolayer  culture  exhibit  a  typical  fibroblastic  morphol¬ 
ogy  with  no  outstanding  features.  The  population  is  homogeneous;  however, 
occasional  large  mul tinucl eated  cells  do  arise.  These  unusual  cells  appear  to 
be  reproducti vely  terminal,  and  therefore  do  not  affect  the  parameters  studied. 

Representative  phase-contrast  photomicrographs  of  CHO  cells  at  various  times 
after  microwave  exposure  are  presented  in  Figures  20  and  21.  None  of  the 
experimental  treatments  caused  any  demonstrable  morphological  alterations. 
Possible  morphological  changes  investigated  were:  general  cell  shape  and  size; 
membrane  blebbing;  micronucleation,'  and  granulation  and  vesiculation  of  the 
cytoplasm. 


Sister  Chromatid  Exchange 

In  each  experiment,  two  or  three  exposed  and  control  flasks  were  devoted  to 
SCE  analysis.  Two  slides  were  analyzed  from  each  flask,  fifty  metaphases  being 
scored  for  chromosome  number  and  SCEs  per  cell.  Not  included  in  the  scores  were 
metaphases  which  had  obviously  had  chromosomes  lost  during  preparation,  were 
incompletely  spread,  or  were  obviously  polyploid.  The  model  chromosome  number 
was  19. 

The  SCE  frequency  data  for  all  experiments  are  contained  in  Table  19  for 
850  -  MHz  PW,  and  in  Table  20  for  1.2 -GHz  PW;  the  means  (±  1  standard  deviation) 
for  each  slide  are  tabulated.  Statistical  analysis  of  differences  among  means 
was  performed  by  the  two-tailed  t  statistic  method.  Differences  between  exposed 
and  control  means  were  not  significant  (P<.01). 
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Figure  13.  CHO  growth  kinetics  data:  A.  850  MHz,  37°C;  and  B.  850  MHz,  39°C 


1000000 

sooooo 


A. 


cr 

LU 

CD 

3 

Z3 


100000 


UJ  soocc 
o 


1.2  GHz.  37  deg  C 

it  CONTROL 
0  EXPOSED 


* 

0 


10000 


It 

0 


0  10  20  30  40  SO 

TIME  (hours) 


B. 


1000000 

500000 


cr 

LU 

00 


z  100000 


UJ  50000 


10000 


1.2  GHz,  39  deg  C 

«  CONTROL  ft 

0  EXPOSED 

8 

0 

It 

0  10  20  30  40  SO 

TIME  (hours) 


gure  19.  CHO  yrowth  kinetics  data:  A.  1.2  GHz,  37°C;  and  11.  ] 


3 


O * 


A  typical  metaphase  for  SCE  analysis  is  presented  in  Figure  22.  The 
photo: ticrographic  quality  is  poor  because  of  high-intensity  red-background 
fluorescence  whicn  tends  to  create  a  "haze."  However,  the  observer  has  a  very 
sharp  image  for  scoring. 


Figure  22.  CHO  chromosomes  for  SCE  analysis. 


Chromosome  Aberrations 

Under  no  experimental  conditions  were  any  dicentric  chromosomes  detected. 
Previous  experience  discloses  that  the  number  of  cells  scored  (500)  is 
sufficient  to  observe  any  meaningful  increase  in  the  frequency  of  dicentrics  in 
cultured  Chinese  hamster  fibroblasts. 


DISCUSS  lUfl 

According  to  the  results  of  these  studies,  RFR  exposure  under  the  described 
conditions  produced  no  effects  on  cultured  Chinese  hamster  fibroblasts.  The 
endpoints  chosen  for  these  studies  encompass  a  wide  variety  of  potential  biolog 
ical  effects.  We  conclude,  therefore,  that  short-term  PW  exposure  at  850  MHz 
and  1.2  IjHz  at  an  average  power  density  of  10  m'W/cm^  elicits  no  deleterious 
cellular  effects. 

Continuation  of  these  studies  at  different  frequencies  and  at  higher  power 
levels  could  lead  to  interesting  results.  In  addition,  studies  at  other 
frequencies  are  indicated  in  order  for  potential  occupational  hazards  of  such 
exposures  to  be  ascertained. 
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APPENDIX  A:  CYTOGENETICS  AND  GROWTH  KINETICS  DATA,  850  MHz 
APPENDIX  B:  CYTOGENETICS  AND  GROWTH  KINETICS  DATA,  1.2  GHz 


(For:  USAFSAM-TR-84-24:  GENETIC  EFFECTS  OF  MICROWAVE  EXPOSURE 
ON  MAMMALIAN  CELLS  IN  VITRO:  VOLUME  II, 
by  Martin  L.  Meltz,  Ph.D.;  Clifton  R.  Harris,  Ph.D.;  and 
Kathleen  A.  Walker,  B.S.) 


RE:  How  to  Order  Appendix  A  (USAFSAM-TR-84-24-APP-A) 
How  to  Order  Appendix  B  (USAFSAM-TR-84-24-APP-B) 


In  order  for  comprehensive  information  on  this 
research  to  be  accessible,  microfiche  have  been  made  of  these 
Appendixes.  The  microfiche  are  available  through: 

DEFENSE  TECHNICAL  INFORMATION  CENTER  (DTIC) 

Cameron  Station 
Alexandria  VA  22304-6145 
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